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MeV, in the ψ π − mass distribution (m ψ π − ) in B → ψ Kπ − decays (K = K 0 s or K + ) [1] .
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As the minimal quark content of such a state is ccdū, this observation could be interpreted as the first unambiguous evidence for the existence of mesons beyond the traditionalmodel [2] . This has contributed to a broad theoretical interest in this state [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Exotic χ c1,2 π − structures were also reported by the Belle collaboration in B → χ c1,2 Kπ − decays [20] . Using the K * → Kπ − invariant mass (m Kπ − ) and helicity angle (θ K * ) [21] [22] [23] distributions, the BaBar collaboration was able to describe the observed m ψ π − and m χ c1,2 π − structures in terms of reflections of any K * states with spin J ≤ 3 (J ≤ 1 for m Kπ − < 1.2 GeV) without invoking exotic resonances [24, 25] 
candidates reconstructed with the LHCb detector in pp collision data corresponding to 3 fb −1 collected at √ s = 7 and 8 TeV. The ten-fold increase in signal yield over the previous measurement [27] improves sensitivity to exotic states and allows their resonant nature to be studied in a novel way. We complement the amplitude fit with a model-independent approach [24] .
The LHCb detector is a single-arm forward spectrometer covering the pseudorapidity range 2 < η < 5, described in detail in Ref. [34] . The B 0 candidate selection follows that in Ref. [35] accounting for the different number of final-state pions. It is based on finding (ψ → µ + µ − )K + π − candidates using particle identification information, transverse momentum thresholds and requiring separation of the tracks and of the B 0 vertex from the primary pp interaction points. To improve modeling of the detection efficiency, we exclude regions near the K + π − vs. ψ π − Dalitz plot boundary, which reduces the sample size by 12%. The background fraction is determined from the B 0 candidate invariant mass distribution to be (4.1 ± 0.1)%. The background is dominated by combinations of ψ mesons from B decays with random kaons and pions.
Amplitude models are fit to the data using the unbinned maximum likelihood method. We follow the formalism and notation of Ref.
[27] with the 4D amplitude dependent on Φ = (m
, where θ ψ is the ψ helicity angle and φ is the angle between the K * and ψ decay planes in the B 0 rest frame. The signal probability density function (PDF), S(Φ), is normalized by summing over simulated events. Since the simulated events are passed through the detector simulation [36] , this approach implements 4D efficiency corrections without use of a parameterization. We use B 0 mass sidebands to obtain a parameterization of the background PDF.
As in Ref.
[27], our amplitude model includes all known K * 0 → K + π − resonances with nominal mass within or slightly above the kinematic limit (1593 MeV) in
and K * (1680) for J = 1; K * 2 (1430) for J = 2; and K * 3 (1780) for J = 3. We also include a non-resonant (NR) J = 0 term in the fits. We fix the masses and widths of the resonances to the world average values [37] , except for the widths of the two dominant contributions, K * (892) and K * 2 (1430), and the poorly known K * 0 (800) mass and width, which are allowed to float in the fit with Gaussian constraints. As an alternative J = 0 model, we use the LASS parameterization [38, 39] , in which the NR and K * 0 (800) components are replaced with an elastic scattering term (two free parameters) interfering with the K * 0 (1430) resonance.
To probe the quality of the likelihood fits, we calculate a binned χ 2 variable using adaptive 4D binning, in which we split the data once in | cos θ ψ |, twice in φ and then repeatedly in m 2 K + π − and m 2 ψ π − preserving any bin content above 20 events, for a total of N bin = 768 bins. Simulations of many pseudoexperiments, each with the same number of signal and background events as in the data sample, show that the p-value of the χ 2 test (p χ 2 ) has an approximately uniform distribution assuming that the number of degrees of freedom (ndf) equals N bin −N par −1, where N par is the number of unconstrained parameters in the fit. Fits with all K * components and either of the two different J = 0 models do not give a satisfactory description of the data; the p χ 2 is below 2 × 10 −6 , equivalent to 4.8σ in the Gaussian distribution. If the K * 3 (1780) component is excluded from the amplitude, the discrepancy increases to 6.3σ. This is supported by an independent study using the model-independent approach developed by the BaBar collaboration [24, 25] , which does not constrain the analysis to any combination of known K * resonances, but merely restricts their maximal spin. We determine the Legendre polynomial moments of cos θ K * as a function of m K + π − from the sideband-subtracted and efficiency-corrected sample of B 0 → ψ K + π − candidates. Together with the observed m K + π − distribution, the moments corresponding to J ≤ 2 are reflected into the m ψ π − distribution using simulations as described in Ref. [24] . As shown in Fig. 1 , the K * reflections do not describe the data in the Z(4430) − region. Since a Z(4430) − resonance would contribute to the cos θ K * moments, and also interfere with the K * resonances, it is not possible to determine the Z(4430) − parameters using this approach. The amplitude fit is used instead.
If a Z(4430) − component with
) is added to the amplitude, the p χ 2 reaches 4% when all the K * → K + π − resonances with a pole mass below the kinematic limit are included. The p χ 2 rises to 12% if the K * (1680) is added (see Fig. 2 ), but fails to improve when the K * 3 (1780) is also included. Therefore, as in Ref.
[27] we choose to estimate the Z difference ∆(−2 ln L) [40] . The D-wave contribution is found to be insignificant when allowed in the fit, 1.3σ assuming Wilks' theorem 2 . Thus, we assume a pure S-wave decay, implying H [41] . Therefore, pseudoexperiments are used to predict the distribution of ∆(−2 ln L) under the no-Z − 1 hypothesis, which is found to be well described by a χ 2 PDF with ndf = 7.5. Conservatively, we assume ndf = 8, twice the number of free parameters in the Z − 1 amplitude. This yields a Z − 1 significance for the default K * model of 18.7σ. The lowest significance among all the systematic variations to the model discussed below is 13.9σ.
The default fit gives M Z The sum of all amplitude fractions is not 100% because of interference effects. To assign systematic errors, we: vary the K * models by removing the K * (1680) or adding the K * 3 (1780) in the amplitude (f K * 3 (1780) = (0.5 ± 0.2)%); use the LASS function as an alternative K * S-wave representation; float all K * masses and widths while constraining them to the known values [37] ; allow a second Z − component; increase the orbital angular momentum assumed in the B 0 decay; allow a D-wave component in the Z − 1 decay; change the effective hadron size in the Blatt-Weisskopf form factors from the default 1.6 GeV −1 [27] to 3.0 GeV −1 ; let the background fraction float in the fit or neglect the background altogether; tighten the selection criteria probing the efficiency simulation; and use alternative efficiency and background implementations in the fit. We also evaluate the systematic uncertainty from the formulation of the resonant amplitude. In the default fit, we follow the approach of Eq. (2) in Ref.
[27] that uses a running mass M R in the (p R /M R ) L R term, where M R is the invariant mass of two daughters of the R resonance; p R is the daughter's momentum in the rest frame of R and L R is the orbital angular momentum of the decay. The more conventional formulation [37, 42] is to use p + assignment at 25.7σ in the fits with the default K * model. Such a large rejection level is expected according to the ∆(−2 ln L) distribution of the pseudoexperiments generated under the 1 + hypothesis. For large data samples, assuming a χ 2 (ndf = 1) distribution for ∆(−2 ln L) under the disfavored J P hypothesis gives a lower limit on the significance of its rejection 4 . This method gives more than 17.8σ rejection. Since the latter method is conservative and provides sufficient rejection, we employ it while studying systematic effects. Among all systematic variations described above, allowing the K * 3 (1780) in the fit produces the weakest rejection. component only. The model-independent analysis has a large statistical uncertainty in the Z − 0 region and shows no deviations of the data from the reflections of the K * degrees of freedom (Fig. 1) . Argand diagram studies for the Z − 0 are inconclusive. Therefore, its characterization as a resonance will need confirmation when larger samples become available.
In summary, an amplitude fit to a large sample of B 0 → ψ K + π − decays provides the first independent confirmation of the existence of the Z(4430) − resonance and establishes its spin-parity to be 1 + , both with very high significance. The measured mass, 4475 ± 7 
